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Introduction
The brown hare (Lepus europaeus Pallas, 1778) population has been declining in Serbia (BEUKOVIĆ et al., 2009; POPOVIĆ et al., 2014) DOI: 10.24099/vet.arhiv.0334 number of factors has been listed as reasons for this. Some of the include intensification of agriculture, climate change, changes in the number of predator populations etc. (SMITH et al., 2005) . However, there has been no agreement about whether is it the combination of all of these factors, and there is still no accurate quantification of the individual contribution of each of these factors. Taking this into account, it is clear that there are areas where the brown hare is vulnerable. Therefore an analysis of all the factors affecting the population is crucial.
The brown hare, a common steppe type of game, has adapted in modern days to agricultural ecosystems which cover most of the study area in Vojvodina (Serbia) (ŠElmIĆ, 1997; JeNNINGS et al., 2006) . Also, the brown hare is a species with a very important role in the hunting economy of this area (VAPA and ŠElmIĆ, 1997) , therefore it is crucial to study and monitor the population. Many papers about the status of brown hare in Serbia show the effect of previous management practices and climate factors on the population (BEUKOVIĆ et al. 2013; POPOVIć et al. 2014) . To some extent they explain certain factors of the brown hare's decline, but other aspects need to be taken into account. TAPPer et al. (1996) and GOreTzkI et al. (1999) noted that predators have a strong effect on the population of small game. It is known that the brown hare is part of the diet of most of the carnivores that inhabit the study area. One of the most recognized causes of the brown hare's decline is predation (SCHMIDT et al., 2004; PANek et al., 2006) . The numbers of predators, mainly foxes, have frequently been recognized as an explanation for the decline in hare numbers PANek and kAMIeNIArz, 1999) . Also, the general trend is that the density of foxes is increasing in most of europe, mainly due to rabies vaccination, a reduction in hunting and increasing urbanisation (GOSzCzyńSKI et al. 2008) .
The red fox is a predator for which it is known that the brown hare is a significant part of its diet, and it has a major impact on its population. rodents, lagomorphs, birds, carrion, insects and fruits are considered the main food of red foxes (JęDRzEJEwSKI et al., 1989; LINDSTrOM, 1989; DONCASTer et al., 1990) . The proportion of hares in the red fox's diet differs throughout Europe, and depends on habitat conditions and the proportion of available food sources. red fox scat analysis found remains of brown hare in 29% of cases in Croatia (krAPINeC et al., 2010) . Also it was discovered that predation pressure of red foxes on brown hare increased over the last century . All this leads to the conclusion that the abundance of red fox has had a major impact on the brown hare population living in the same area.
The aims of this study were to determine the extent of the red fox's impact on the brown hare population in the Vojvodina region of Serbia, and to compare I. Ponjiger et al.: The dynamics of red fox (Vulpes vulpes) and brown hare (Lepus europaeus) populations in the Vojvodina region (Serbia) in relation to rabies vaccination the relationship between the densities of these species before and after the rabies vaccination.
Materials and methods
Study area. The republic of Serbia has a total of 8,828,528.29 ha of hunting areas. The northern part of Serbia, the Autonomous Province of Vojvodina has a total 2,152,695.60 ha of areas considered as hunting grounds. Hunting associations manage 120 hunting grounds with an area of 2,006,910.85 ha (The Law on Game and Hunting, Official Gazette of RS, 18/2010).
The subject of this research were hunting grounds managed by hunting associations, mainly because of the similarity of habitat conditions and game managed ( Fig. 1 ). Besides two low mountains Fruška Gora (539 m) and Vršačke Planine (641 m), Vojvodina is mostly a lowland, flat region. The largest part of the area is agricultural land which covers about 83.3% of the total area, while forests cover about 6.7%. Infertile land accounts for about 10% (built-up areas and inland water areas) (Statistical Yearbook of the republic of Serbia, 2017). This type of agricultural habitat is mostly suitable for managing roe deer, brown hare, pheasant and grey partridge, which are the most abundant species in these hunting grounds. Other areas and hunting grounds are managed by the public enterprise "Vojvodina šume" and the Fruška gora National Park. These hunting grounds were excluded from the research because of the differences in the habitat conditions, and the type of game and management. These hunting grounds are mainly heavily forested areas and manage different types of game, such as red deer, wild boar, fallow deer and mouflon. Also, these hunting grounds are mostly fenced.
Data. The aim of the paper was to find the correlation between numbers of red fox and brown hare and the changes in the dynamics of this relationship since 2010 when nationwide rabies vaccination was carried out. This was done by using the data on the annual red fox cull and the annual number of brown hare. Data on the red fox cull was obtained from the Hunting Association of Vojvodina, based on 38 hunting seasons in the period from 1978 to 2015. Since these are data from regulated hunts, it was assumed that the cull was conducted according to the hunting plans. Although it has changed over the years, currently the fox hunting season is from 1.1. -31.12., or throughout the entire year.
Data on brown hare were also obtained from the Hunting Association of Vojvodina based on hare spring counts in the same period. Spring counts are carried out annually at the end of February and throughout March in all of the hunting grounds. Hare numbers in individual hunting grounds are determined by means of the strip-transect method. Three transects are chosen to include all environmental variations and areas with the highest and lowest hare densities, in order to have an average representation of the entire hunting ground. Areas being counted, the transects, must cover a minimum of 10% of the surface area of the entire hunting ground. On this basis the number of brown hares can be estimated.
Statistical analysis. All analyses were performed using the IBM SPSS (ver. 23). Pearson's correlation coefficient r and linear regression models were applied to assess the relationship between the annual red fox cull and the annual brown hare numbers. To generate predictive equations for the significance, non-significant variables were removed from the final regression model.
Results
The annual red fox cull varied in the 1978-2015 period observed. However, a negative trend could be seen (Fig. 2.) where the cull was significantly higher in the first third of the study period. It ranged from 18,067 individuals in 1978 to only 3,856 foxes in 1992. This all-time low can be mainly attributed to the war in the former Yugoslavia leading to a much lower cull. The second lowest recorded cull was during the 2013 hunting season with 6,750 individuals.
The average red fox cull during the observed period was 10,526 (Std. Deviation 2985.37) or 5.24 individuals/1000 ha. Research by ŠElmIĆ (1996) noted that the average spring density of red foxes was 1.08 individuals/100 ha in the Vojvodina region. Over the I. Ponjiger et al.: The dynamics of red fox (Vulpes vulpes) and brown hare (Lepus europaeus) populations in the Vojvodina region (Serbia) in relation to rabies vaccination 38 fox hunting seasons recorded, the cull has, for the most part, been decreasing. In the 70s and 80s the fox cull was mostly stable, with 13,864 individuals culled on average. while there were certain fluctuation in the fox population, it was considered to be stable.
In the 00s and 10s the average annual cull dropped to 8,799.6. with the changes in the fox population dynamics after the vaccination, it may be said that it had a major influence on all types of game in the same habitat. This study shows the direct impact on brown hare as a species already suffering from decreasing numbers caused by a number of factors.
The average population of brown hare during the 1978-2015 period was 252,121 (Std. Deviation 36,763.34). On this basis it was calculated that the average density for the same period was 12.6 individuals/100 ha. During the observed period, the population of brown hare showed fluctuations and a cyclical pattern for the most part. This may be seen by comparing the average population seen in the spring counts. At the end of 70s, and in the 80s and 90s, the average annual number of brown hare was 254,765. Similarly, in the 00s and 10s the combined average result is 250,348 individuals. As can be seen, there was only a slight decrease. However, looking at the records from 2010 onwards, a sharp decline in hare numbers is evident. Brown hare reached its record all-time low in 2014, with 154,990 individuals counted during the spring count. A consistent increase in fox numbers since 2010 has been reported in most of the study area. while there are no official statistics, it is assumed that fox numbers increased dramatically. This was confirmed by conversations with many hunting ground managers. The cull was not increased following the vaccination mainly because average hunters lack interest in hunting predators, in this case foxes.
Comparing the period before and after the vaccination, it may be seen that the number of brown hare has decreased. Also comparing the hare counts (t-1) and the annual fox cull using the Pearson correlation, gives the results seen in Table 1 A strong negative correlation may be seen when comparing the hare population and fox cull up until 2010. This may be explained by taking into account the fact that when the number of foxes is higher, the number of hares is lower. Also, a higher cull leads to the assumption that the number of foxes is high, hence a lower hare population. HeLL et al. (1997) also discovered a significant negative correlation between the annual red fox cull and the number of brown hares (r = -0.652; P<0.01).
Correlation analysis showed a strong connection between the two variables (fox cull and brown hare population). In order to determine exactly to what extent the fox cull influences the number of brown hares a linear regression analysis was carried out. The entire period observed, or 38 hunting seasons, showed a low level of prediction. This would mean that the fox cull and numbers have no effect on brown hares, which is known not to be true.
knowing that there was a change in fox population dynamics after the rabies vaccination, the same analysis was carried out, excluding the period after 2010. In this sample, the much greater effect of the predictor on the dependent variable is evident (Table 2) . r 2 indicates how much of the total variation in the dependent variable may be explained by the independent variable. The fox cull explains 25.9% of the variability of the dependent variable, the brown hare numbers, when looking at this period of 33 hunting seasons. In this example, the influence of the variable is statistically significant F = 12.179, P = 0.001. Taking into account that in 1992 there was a significantly lower fox cull for the reasons mentioned above, it was excluded in order to have a more realistic sample. with this sample consisting of 32 hunting seasons, linear regression established that the fox cull may statistically significantly predict the brown hare numbers F = 16.026, P = 0.000, and that the fox cull accounted for 32.6% of the explained variability in the brown hare population.
Discussion
The average hare density in the Vojvodina region was 12.6 individuals/100 ha. This value corresponds well with most european countries, as well as neighbouring Croatia, where the north-western population with similar habitat conditions ranges from 13 to 20.3 individuals/100 ha (PINTUr et al., 2006) .
The red fox is the most common predator in Serbia and inhabits all types of ecosystems and habitats (ĆIROVIĆ, 2000) . In 2010 nationwide vaccination against rabies was carried out. During the second half of 2010 and the beginning of 2011 bait containing the vaccine was dispersed by air, being dropped over entire territory of Serbia (http://www.vet.minpolj.gov.rs). The vaccination was carried out by means of dispersal of bait over the entire territory, twice a year (spring and autumn). In 2010/11, 20 pieces of bait per km 2 and in 2011/2012, 23 pieces of bait per km 2 were dispersed (mIĆOVIĆ et al., 2012) . A decline in the number of rabid foxes in Serbia was detected after the vaccination in the period from 2006 to 2012. In 2006 there were 176 cases. The highest number was detected in 2008, when there were 191 cases. After the vaccinations in 2011 and 2012, there were 35 and 8 cases respectively (mAKSImOVIĆ zORIĆ et al., 2013) . This led to the conclusion that the rabies infection had been contained. Consequently, red fox numbers have increased significantly since then.
The application of vaccines has been recognised as a major factor in the increase of red fox numbers since rabies is considered to be the one of the main factors in limiting the fox population. This was confirmed in Poland, where a drastic increase in the fox population was observed after vaccination (kAMIeNIArz et al., 2008; SMreCzAk and ŻmUDzIńSKI, 2009) . A similar pattern was seen in Slovakia where in the last 40 years the annual fox cull has doubled and the number of brown hare has decreased by more than 60% in this period (SlAmEčKA et al., 2013) . rabies epidemics have been associated with considerable reductions in host populations by up to 50% (wANDElER et al., 1974) . In the absence of rabies, the fox population increases (ANDerSON et al., 1981) . In the Saarland from 1968 to 1974 there was a sharp rise in the number of hares shot, directly associated in time with a sharp reduction in the numbers of foxes, as a result of rabies (MArTINI, 1983) . Also, a sharp rise in the fox cull was recorded in west Germany in the years following the rabies vaccination (kNAUer et al., 2010) .
Although official numbers are not available, reports from most hunting ground managers are similar in terms of the increase in fox numbers. However, while the number of red foxes increased dramatically following the vaccination, the average cull in Vojvodina in 2010-2015 remained nearly the same as in previous years (Fig. 1) . This is considered disastrous since the fox population is on the rise. A study in Poland (BOMBIk et al., 2014) showed that even intensive hunting does not give the required results. with exploitation levels at over 60% the fox population still was not contained and did not show signs of a decline. Given that in the Vojvodina region the fox cull has remained the same, the consequences are starting to show for certain types of small game, including brown hares, which has been shown in this research.
Conclusion
This paper intended to show the following: a) that the fox population has increased drastically since the rabies vaccination, and b) that as a consequence, the brown hare population has decreased. Since the 2010 vaccination, the statistical balance in the fox cull and the numbers of brown harehas been lost. This may be attributed to the drastic increase in the fox population, as confirmed by reports from hunting ground managers. Also, this shows that the rabies vaccination has led to a rapid increase in the fox population in the Vojvodina region.
Hunting organisations, for the most part, do not encourage or reward predator hunting. Hunters themselves mainly do not have the motivation or they lack interest in hunting predators, and simply go on to hunt other types of game. while, this does not damage the game funds, avoidance of predator hunting leads to a disturbance in the balance of numbers of small game. Also, in the last decade the number of hunters in Serbia has been decreasing steadily. Thus, taking all these factors into account, the negative trend will continue if the current practice continues.
Considering the brown hare population trends and the significant influence that the numbers of red foxes have, it is crucial to monitor and keep track of the changes in population dynamics. Taking into account all the factors influencing the number of hare abundance and recent changes, such as the rabies vaccination, it is necessary to keep track of these changes and respond accordingly. On the basis of the hunting bag data it was shown that where fox numbers were reduced, the number of hares increased and vice versa (LINDSTröM et al. 1994 ). An increase in the red fox cull is recommended in order to achieve a balanced habitat and preserve the vulnerable species that are directly affected, such as hares, partridges and pheasants (BOMBIk et al. 2005; BOMBIk et al. 2009 ).
So far, the results of the vaccination of red fox have been catastrophic in some areas. while the spread of rabies is under control, the red fox population has increased dramatically. In this case it may be seen that it has had a serious impact on the numbers of I. Ponjiger et al.: The dynamics of red fox (Vulpes vulpes) and brown hare (Lepus europaeus) populations in the Vojvodina region (Serbia) in relation to rabies vaccination brown hare, but it also impacts other species as well. In order to maintain the balance in the ecosystem, it necessary to keep the red fox population under control and increase the cull in the coming years. In this way, small game populations have a chance to recover.
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